Experimental measurements focused on evaluation of grapevine leaf surface area development in nine varieties, in the viticultural conditions of South Moravia. The dynamics of leaf surface area development was measured by using a device called leaf area meter AM 300. The device operates on the principle of a scanner and the resulting values are expressed through the leaf area index -LAI. The measurements were carried out in five dates during phenophases of growth, flowering, initial development of fruits, and ripening of berries. The results show a significant differences in increase in leaf area between the evaluated varieties, especially during flowering. The size of the leaf area, depending on the year, corresponds to values between 7.615 and 13.483 square metres per hectare. The largest leaf area was reached in growth stage 8, which is ripening of fruit. The leaf area reached the largest size in the varieties Grüner Veltliner, Zweigelt, and Sauvignon, with values ranging from 20.560 to 26.481 square metres per hectare. The results suggest that a significant proportion of leaf area is also represented by lateral shoots whose size in the ripening phase, depending on variety, ranges from 33.7 to 52.9 per cent of the total leaf area.
INTRODUCTION
The leaf surface area is an important factor that affects the yield of grapes and their resulting quality (Grantz and Williams, 1993) . The surface area is mainly influenced by variety, nutrition, method of cut, and age of the plant. To assess the leaf surface area in practice, we often determine the index of leaf area. Measurement of leaf area index (LAI) is critical to understanding many aspects of crop development, growth, and management (Wilhelm et al., 2000) .
The concept of leaf area index was at first introduced by Watson (1947) and defined as the ratio of leaf area to a given unit of land area. Martens (1993) , Schultz (1995) , Leblanc (2002) , and Somkuwar et al. (2012) dealt with the leaf area index in each phenophase in different grape varieties at different locations.
Leaf area index is a variable representing the leaf area per unit of ground surface, where the index value of 1.0 corresponds to 10,000 square meters of leaf area per hectare of vineyard. This quantity can be calculated as the product of total leaf area per 1 annual shoot, average number of annual shoots per plant and the number of plants per 1 hectare of vineyard, divided by the area of 10,000 square meters (Jonckheere et al., 2004) . Siegfried et al. (2005) also dealt with the method of calculation. They calculated the size of the leaf area by multiplying the value of 10,000 by the number of leaves attributable to 1 linear meter and average leaf area per one leaf, divided by the width between rows.
The leaf area can also be determined by using other methods, including scanning of leaves, alpha planimeter, photometric methods, or using estimation methods or combinations of these methods.
Several authors have discussed the issues related to optimum leaf area to the amount of grapes left on the plant. Müller (2003) reported that the production of one kilogram of grapes of adequate quality requires, depending on variety and average size of leaves, 1.6 to 2.2 square metres of leaf area. Similarly Becker et al. (2007) reported that one kilogram of grapes of varieties with small grapes needs between 1.6 and 1.8 square meters of leaf area, while varieties with mediumsized to large grapes need between 2.0 and 2.2 square meters of leaf area. Spring and Zufferey (2008) state that in order to produce one kilogram of high-quality grape 1 to 1.2 square metres of sufficiently illuminated leaf area is needed. Decisive is not the area size, but its full illumination.
Recently, practical viticulture has started to be increasingly more broadly interested in the relationships between the leaf area and the matters mentioned above. This is also evident from the viewpoint of the application of physiological processes, chemical protection of vegetation, leaf nutrition, defoliation or reduction of stocks in a given grape variety.
The aim of this paper is to assess the leaf surface area, determine the leaf area index, and compare the surface area of the main leaves and lateral shoots in selected grape varieties.
MATERIALS AND METHODS

Character of the Experimental Stands
Experimental observations and evaluations were carried out during the 2014 and 2015 growing seasons at the Rakvice Stand in the Moravian viticultural region.The lokality lies in a hot, dry region with an average annual temperature of 9-10°C. The average rainfall is 500 mm. Soil type is according to estimated pedological ecological unit black soil on very heavy substrates, soils are heavy with lighten topsoil horizon, with tendency to aboveground humidification of the surface profile. Stoniness is to 10 %.
Experimental Stand Rakvice (Velké Pavlovice Sub-Region)
The soil type at this experimental site is black, mainly loamy soil with no skeleton. The measurements of leaves surface area were carried out on the vineyard sites called "Koziperk". The vineyards are 10 years old and are grown on medium vine training, with one cane pruning; planting is 2.3 x 0.9 m with grassing over one row. During the winter pruning, 10 buds were left on every shoot. The support structure consists of steel columns with a height of 1.8 m.
Character of Assessed Varieties
The measurements of the leaf surface area were carried out on nine varieties. White varieties included Müller Thurgau (MT), Chardonnay (CH), Sauvignon Blanc (SB), Hibernal (HI), and Grüner Veltliner (GV). Red varieties included Blaufränkisch (BF), St. Laurent (SL), Zweigelt (ZW), and Pinot Noire (PN). The used rootstock differed depending on soil and climatic conditions as well as on growth intensity of the variety. On the experimental site in Rakvice, for all varieties the Kober 5BB rootstock was used. This rootstock tolerates more loamy and water-holding soils, even with higher content of active lime. Every variant is comprised by 50 shrubs.
Evaluation of Surface Area of Leaves
The measurements of the surface area of leaves were carried out annually on five dates in May, June, July, and August. The phenophases included growth, flowering, initial development of fruits (berries pea-sized, berries beginning to touch) and ripening of berries and shoots.
Leaf area meter AM 300 (ADC BioScientific Ltd., Herts, England) was used to measure the leaves surface area. This measuring instrument works on the principle of laser sensors with built-in control unit. This device measures the length, width, perimeter and ratio of the sides. Total surface area of leaves (cm 2 ) is automatically calculated during each scanning and the results are displayed on a display. For the actual measurements, five herbaceous shoots were randomly selected and removed from the all plants in variant. The leaf surface area and surface area of lateral shoots were then measured from the base to the top of the shoot.
The STATISTICA CZ 12 (StatSoft, Praha, CZ) program was used to evaluate evidence of the differences. The statistical methods included multidimensional statistical method, namely Cluster analysis that classifies samples into groups (clusters), so that samples belonging to the same group are more similar than objects of the other groups. Tables 1 and 2 show the resulting average values of leaf area per individual plant, expressed in square metres. These values were measured by using a destructive leaf area meter AM-300 and were also used for the determination of leaf area index (LAI).
RESULTS AND DISCUSSION
The measured data suggest that the growth rate of leaf area was slower in the early phenophases, while faster growth occurred in the phenophases of development and ripening of fruits. The values listed in Tables 1 and 2 show an obvious difference in the intensity of development of leaf area among the evaluated varieties and dates for individual evaluations. The results show significant differences in increase in leaf area among the evaluated varieties, especially during flowering (macro phase 6). The leaf surface area, now depending on the vintage, corresponds to values between 7.615 and 13.483 square metres per hectare. These values can be obtained by multiplying the average le af area by the number of shrubs per 1 hectare vineyard according to space of plantation. Poni and Intrieri (2001) reported that he rapid development of leaf area in the period after flowering and during fruit ripening is also mainly due to the creation of leaves on lateral shoots (axes of the second order). The largest leaf surface areas were reached in growth stage 8 (ripening of fruits). The largest leaf surface areas were in the Grüner Veltliner, Zweigelt, and Sauvignon varieties. In these cases the values ranged from 20.560 to 26.481 square metres per hectare. Siegfried and Sacchelli (2005) also dealt with the evaluation of leaf surface area in individual phenophases. Their results show that the leaf surface area in the flowering phase ranges between 12.000 and 20.000 square metres per hectare and in the phase of fruit ripening it exceeds 23.000 square metres per hectare. Dokoozlian and Kliewer (1995) states that for a planned yield of grapes between 9.000-13.000 kg.ha -1 , the bushes should have a large leaf area of 24.000-36.000 m 2 . The leaf area size is then in direct correlation to physiological status of grapevines (e.g. leaf size, leaf color) and fruit quality. Similarly, Marcon Filho et al. (2015), Ferrari et al. (2017) states that the balance between the fruit load and the adequately illuminated leaf area influences the quantity and quality of grape production. Eichhorn (1984) reported that in grapevine the main growth phase begins at the beginning of June, while by the end of the month the leaf area reaches its greatest development. Smith and Kliewer (1994) also reported that the largest development of leaf area occurs in the phenophase of flowering and total leaf surface area may be affected by the conditions of a given year. The difference of leaf surface area can be in the same phenophase in each year up to 30 per cent, which is also confirmed by the measured values. Spring and Zufferey (2008) show that at the beginning, leaves grow slowly, and their surface increases daily between about 200 and 600 mm2. During the maximum growth intensity, increase of surface the leaf blade ranges from 1000 to 2000 mm2. By the third g rowth period, the growth intensity decreases gradually to values between 300 and 500 mm2 per day. Their results show that the size of leaves is about 0.7 square metres per square metre of vineyard in annual shoots 0.6 metres long and 1.85 square metres in annual shoots 1.4 metres long.
Measured values are in compliance with requirements for vertically shaped leaf walls. Pavloušek (2011) states that the height of a leaf wall should be approximately 1.3 metres and the annual shoots should have at least 13 to 15 main leaves. For the quality of the grapes, the important factor is the ratio between leaf area on the annual shoot and the weight of grapes. The optimal ratio between the weight of grapes and the leaf area in our area ranges between 17 and 22 square centimetres per gram (Kraus, 1994) . This means that with planned harvest of 1.5 to 2.0 kg of grapes from one plant the leaf area should range between 2.6 and 4.4 square meters. Comparing these data with measured values shows that in growth stage 8-ripening fruit size was sufficient leaf area for varieties with small or medium size of grapes (HI, CH, SB, SL, PN). In the fertile varieties with large grapes that requirement was fulfilled in both years, only in the variety ZW and GV. Problems could arise in the varieties BF and MT. Also Kliewer and Dokoozlian (2005) founded that about 0.8 to 1.2 m 2 leaf area per kg fruit was needed to mature fruit trained to single-canopy trellis systems and 0.5 to 0.8 m 2 per kg fruit for vines trained to divided-canopy trellis systems. The resulting values of cluster analysis shown in Figure 1 characterize the differences in the leaf surface area or leaf area index between evaluated varieties. The results indicate that in both monitored years the smallest leaf areas were recorded in Chardonnay and Pinot Noir, which are very different from other evaluated varieties. In contrast, the highest values were found in the varieties of Grüner Veltliner (GV), Zweigelt, and Sauvignon.
The aforementioned facts may in practice mean that for the first group of varieties with enough foliage, namely, Sauvignon Blanc, Grüner Veltliner, Lemberger, St. Laurent and Zweigelt, it is possible to incorporate the defoliation step to the technological process in order to increase health condition alternatively the quality of grapes. Partial removal of leaves from the zone of grapes of these varieties will not significantly impede the ratio between the size of leaf area and grapes. However, in the second group with less foliage (Chardonnay, Pinot Noir), this could disruption this ratio occur. Values that compare the surface area of the main leaves and lateral shoot leaves (Figures 2 and 3 ) using confidence interval methods constructed around arithmetic averages provide interesting results.
Lateral shoots have variable intensity of growth. Leaves on lateral shoots assimilate in a similar way as the leaves on the main shoots. Assimilates from lateral shoots from the top half of the annual shoot are transferred to the closest grapes and affect their quality parameters, such as sugar content (Schultz, 2008) . Lateral shoots grow most intensively after trimming the main shoots. The intensity of their growth depends on their position on the annual shoot (Hlušek et al., 2015) . The results presented in Figures 2 and 3 show that particularly in the growth stage 8 (BBCH -code 81), leaves of lateral shoots make up almost half the size of the total plant leaf surface area. The largest surface area of lateral shoots was measured in both years in the Sauvignon Blanc (2.89 m 2 ), Zweigelt (2.26 m 2 ) and Saint Laurent (2.05 m 2 ). The presented results can also be used when breaking off lateral shoots. For example Santesteban and Royo (2006) , Roland (2008) states that at the ripening stage the leaf area on lateral shoots should be at least 30% of the leaf area on the main shoots. Kliewer and Dokoozlian (2005) evaluated the ratio of leaf area on main shoots and lateral shoots for different types of trellis systems. The results of their measurements show that for the cordon shape this ratio is 2:1 and 3:1 for the arc shapes.
CONCLUSIONS
This experiment carried out in 2014 and 2015 was focused on the evaluation of leaf surface area in nine varieties of grapevine at the experimental site at Rakvice in South Moravia. The results can be widely used in the quality management of grapevine varieties with emphasis on the implementation of the intensity of green works. Measurement of leaf surface area was carried out using the leaf area meter AM 300. It showed that among the evaluated varieties, there were differences in leaf surface area, which was the largest in the Zweigelt, Sauvignon, and Grüner Veltliner varieties. In this case the values were from 20,000 to 26,000 square metres per hectare. In contrast, the smallest leaf surface area for the reporting period was found in the varieties of Pinot Noir, Chardonnay, and Hibernal, fluctuating between 17,000 and 19,000 square metres per hectare.
The leaf surface area is also related to values of lateral shoot leaves. The largest surface area of lateral shoots was measured in both years in Sauvignon Blanc (2.89 m 2 ), Zweigelt (2.26 m 2 ) and Saint Laurent (2.05 m 2 ). The greatest development of lateral shoot leaf area occurs at the phase of fruit ripening. Depending on the variety, their size makes up 33.7 to 52.9 per cent of the total leaf area per plant. These facts may in practice mean that for varieties with enough foliage, namely Müller Thurgau, Sauvignon Blanc, Grüner Veltliner, Blaufränkisch, St. Laurent, and Zweigelt, it is possible to incorporate the defoliation operation to the technological process to increase the quality of grapes. In the second group with less foliage, namely Chardonnay and Pinot Noir, in order to achieve the highest quality of grapes, rather a reduction of harvest can be recommended or to carry out defoliation or breaking off lateral shoots considering a thorough knowledge of local conditions.
